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Gert G.Harigel 

June 16, 1974 

It is the purpose of the present note to make a few general 

remarks on track quality in big chambers, to give a review of operating 

conditions for pure liquids (hydrogen and neon),'as we&l as provide 

a comparison of the results in neon/hydrogen mixtures with those in 

pure liquids. It is our further intention to propose operating 

temperature and pressure for a 20/80 mole percent neon/hydrogen 

mixture, and finally to make technical remarks concerning the measure- 

ment of the dvnamic txressure, neon concentration; and phase separation. 
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1. TRACK QUALITY IN BIG CHAMBERS 

The following five points will provide a basis for a better 

understanding of this technical note and should be kept in mind when 

judging our conclusions. 

1.1 Extrapolation of results from medium-sized chambers -- ----------------------- 

Systematic investigations of bubble growth and density were made 

in the 85 cm cryogenic bubble chamber at DESY (1) under the following 
conditions: 

(1) using bright field illumination with a 1 : 1 demagnification optic, 

(2) particle injection only in the pressure minimum of the expansion 

cycle (the dynamic pressure was measured with two piezo-electric 

transducers, one close to the piston region, the other - close to 

the beam plane, results obtained only with the latter are con- 

sidered in the present note), 

(3) one cycle duration for the piston movement ( L 30 ms, pressure 

P static to P static ca. 22 ms ) because of the chamber's resonance 

expansion system. Fig.1 gives a typical pressure versus time 

curve from this experiment. Note, that similar to the piston 

stroke curve, the pressure curve is asymmetric to the pressure 

minimum! There is a steeper gradient of the pressure during 

recompression than during expansion. This asymmetry seems to 

increase with increasing neon concentration. It may be due to 

the change in sound velocity and to the increase of the hydro- 

'static pressure. Studies, comparing piston stroke and pressure 

versus time dependencies, are in progress. 

Note (as a rule of thumb, no satisfactorv theoretical explanation 

is available) that bubble sizes start to diminish, when during re- 

compression the dynamic pressure reaches the limit of sensitivity. 

For all experiments in pure hydrogen the corresponding flash delay 

time was 8 f 10 ms, for pure neon 5 + 7 ms, and for the mixtures - 
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somewhere between these limits. The bubble growth constant A was de- 
termined from diameters of bubbles photographed with flash delays up 

to 5 ms, no corrections for pressure variations were applied. 

The volume change necessary during expansion to obtain a certain 

pressure drop, is always larger than expected from the value of the 

compressibility of the liquid. This difference is proportional to the 
irreversible heat (parasitic boiling) and should become smaller with 
increasing volume-to-surface ratio for larger bubble chambers. 

In big chambers, the length and shape of the expansion cycle can 

either be completely adjusted to the characteristics of the liquids to 

be used (BEBC), or can at least be increased to some degree by changing 

the natural frequency of the resonator and the spring constant of the 

driving motor (15' chamber). Furthermore, particles can be injected 

a few milliseconds before the pressure minimum. Both modifications 

will favor an increased bubble growth rate compared with data taken 

from (l). In order to keep flash delays short and, consequently, 

systematic and random track distortions small, such an increase is 

particularly desirable for big chambers. 

However, the possible gain in growth rate in big chambers com- 

pared with that in small chambers is not yet well known and therefore 

it is not considered in the present note. We limit ourselves to a 

comparison of the results in pure liquids and mixtures obtained from 

a medium-sized chamber under similar conditions. 

1.2 Ionization information --w-------s 

In big chambers even at high energies of the primary particles 

the measurement of bubble density, gap or blob length distribution 

will be of aid to determine the particle mass of the slower secondary 

particles. The choice of the bubble density for minimum ionizing 
-1 

particles will probably be restricted to b s 5 + 10 cm ; this 

range is determined by the optical demagnification and by bubbles, 

which must be of certain size. 
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.3 Uniform track quality in the fiducial volume ------- -- a---------- 

Bubble sizes and densities should be identical everywhere in the 

fiducial volume, or at least not smaller on the bottom than on the top 

of the chamber. Uniform expanded pressure throughout the liquid volume 

during the time interval between particle injection and photography is 

necessary. Low sound velocity and hydrostatic pressure of the heavier 

liquids act against it. 

A request was made to find conditions for mixtures, where the 

track quality approaches the one obtained in hydrogen (deuterium) . If 

possible, growth times should be smaller than ca. 10 ms. 

1.4 No optimization for a simultaneous opgr&t&oz ~f~>~a~k-s~n=it&v~ _- --------------- 
target --a 

No request was made here to optimize the track quality simulta-i.:* 

neously in a mixture of neon/hydrogen and in a hydrogen or deuterium- 

filled passive or active track sensitive target. The proposed working 

conditions would then be altered according to neon concentration. 

1.5 -------- Bubble movement 

The movement of bubbles (2) is mainly due to gravity forces, 

displacement of the liquid during its expansion or recompression, and 

to inertia forces. These systematic displacements can be measured and 

corrections can be made, at least in principle, during the reconstructi' 

tion in space. Due to small eddies in the liquid, random bubble 

movement can and does occur and is superimposed upon the systematic 

bubble displacement. 

Both, systematic and random displacements, depend upon liquid 

temperature, dynamic pressure, piston speed, chamber geometry, as well 

as upon the time of particle injection and the photography of the 

bubble tracks. 

The above displacements and their influence upon momentum and 

the determination of the angle should be small also for big chambers. 
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This can be achieved by operating large chambers at low temperatures, 

provided that the parasitic boiling around the piston region on the 

bottom of the chamber can be also kept at a minimum. 

2. WORKING CONDITIONS FOR PURE HYDROGEN 

2.1 Bubble densities b LcE-~ ---------- and growth rates A Lcrn/s'L --- ----em- -- 

The above two quantities are given in fig.2 as a function of the 

expanded pressure P min [barl ( particle injection at the dynamic pres- 

sure minimum) for a wide range of liquid temperatures T in a PT-diagram. 
,'A,' is the proportional constant from the well known R = A l I&- - law, 

where R is the radius of the bubble r.4 at the flash delay time 

t fsl - Example: for optical reasons a bubble diameter of 0.7 mm 

(typical for our big chambers) is necessary and at a chosen temperature 

and expanded pressure the proportional constant is A = 0.4 cm/s + ; 

the required flash delay will then be ca. 8 ms during which a bubble 

grows to the above size. 

Fig.2 also indicates the dependency of the vapor pressure and 
-1 

that of the limit of sensitivity (bubble density is close to b = 0 cm ,but 

increases with increasing pressure drop) upon temperature. 

For all practical applications the presentation of our results 

in a temperature versus expanded pressure diagram is helpful. To ob- 

tain curves of constant bubble density and growth rate some inter- 

polations between our results given elsewhere 
(1) as a function of the 

expanded pressure, are necessary. 

Note, that for a given bubble density higher growth rates can 

be achieved by decreasing the Liquid temperature. 



-6- 

2.2 goknd velocig_s-&d a--- 

In hydrogen the sound velocity is high and varies slightly within 

the range of the most likely operating temperatures of bubble chambers 

(25 f 29 K) (3) I cf. fig.3. It takes ca. 4 ms for a sound wave in the 
15' chamber to travel from the piston region to its top. If we consider 
only the height of the fiducial volume (ca. 2 m), then within 2 ms 

similar expanded pressures can be achieved in this region. This pre- 
sents no serious limitations for having similar track quality, as long 

as the particle injection is close to the pressure minimum and the 

total cycle duration is not much shorter than L c: 50 ms. The latter 

conditions maintain the absolute value of the pressure-time gradient 

small during the bubble growth period. 

2.3 Radiation length X0 Lcmm ---------- 

The radiation length depends upon the atomic number and the 

density of the material. In hydrogen the density of the liquid p varies 
little with temperature (0.0647 g/cm3 at 25 K,and 0.0569 g/cm3 atL29 K). 

The radiation length is ca. 900 cm which, even in big bubble chambers, 

is just too high to provide a reasonable gamma-conversion probability. 

2.4 Bubble movement -------- 

A detailed study of the movement of bubbles was conducted in the 

DESY chamber (2) and its'results are applicable to big chambers as well. 

2.5 Vapor Eressure P --- ----v Lb=rl ~~d-c~rn~r~s~ibili4~~a~-~ 

For hydrogen , the temperature dependency of these two quantities 

has been established (31, (4) . Without creating technical problems, 

they allow for a large range of operating conditions. 
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3. WORKING CONDITIONS FOR PURE NEON 

3.1 &abJ~e~~n=ities b ---- Leg-3 -z& grEwLh-r=tgs_A_ Lcm/s 4L -- 

These two quantities are given in fig.4 as a function of temper- 

ature when particle injection is at the pressure minimum (1) . The 
measurements were performed only in a restricted range of relatively 

low temperatures due to the technical limitations of the cooling 

system of the DESY chamber. For high-energy physics experiments bubble 

densities at this temperature are obviously unsatisfactory. Inspite 
of the very poor data obtained, the results are extrapolated to higher 
temperatures (dotted/dashed lines). AtT = 36 K, P = 3.5 bar, a 

-1 min 
better track quality with the density b = 10 cm and a growth factor 
A= 0.4 cm/s5 is expected. 

The thermal conductivity of pure hydrogen and neon is 

identical at T = 26.5 K (k = 1.33010 -3 W/cm K for hydrogen, 

k = 1.44010 -3 W/cm K for neon), but then drastically drops 

nearly 

and 

with in- 

creasing temperature for neon at T = 36 K by". one order of magnitude. 

3.2 Sound velocig-cJm/sJ ------ 

Measurements in neon (3) are available between T = 25 f 31 K, and 

an extrapolation of these data to the temperature of T = 36 K gives 

c = 410 m/s (fig.5). For hydrogen this value is about double at 

T= 25.3 K. To compensate for this drawback and to get similar track 

quality throughout the liquid volume, the duration of the expansion 

cycle for neon should be double the one for hydrogen. 

3.3 Radiation length X0 L&J ---------- 

The radiation length in neon is X0 = 27 cm (ca, l/30 of the one 

in pure hydrogen) and it changes little with liquid density (p, = 1.07 

g/Cm3 at T = 34 K, pL i= 1.00 g/cm3 at T = 37 K). For comparison: 

X'(propane C3H8) = 110 cm, XO(freon CF3Br) = 11 cm, which are the most 

common liquids for "heavy liquid bubble chambers." 
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3.4 Bubble movement a------- 

It will certainly be of interest to study bubble 

graphed in the DESY chamber (1) . It is expected to be 
from pure hydrogen. The lift velocities v Icm] in the 
be calculated from the theory 

movement photo- 

quite differnt 

two liquids can 

t- 
5 4'Pv'02 l g 

V’ d 12*.rr.p; '0 

using the well known values for the densities of the gas in the bubble 

P, [g/cm3J and the liquid p L lg/cm31 i the viscosity n[g/cm*s] (fig.71, 
and the surface tension Q [g/s21 (fig.8). This gives 

v(H2, 25 K) = 1.8 l v(Ne, 36 K) . 

3.5 KaEoy Eressure P Lb&r1 ----v -a~d-c~rn~re-s~i~i&i.~ 8 rbaL-3 

Numerical values for both properties in neon differ considerably 

from those in hydrogen. The temperature range for the operation of 

present-day cryogenic bubble chambers with pure neon is much smaller 

than in hydrogen: the sensitivity to ionizing particles (degree of 

overheat which can be achieved) determines its lower limit to ca. 

34.5 Ki its upper limit is given by the design pressure of the chamber 

body. If we allow for a maximum pressure of 10 bar, the highest vapor 

pressure of the liquid may be Pv = 9 bar, i.e. T = 37 K. 

The isentropic compressibility of neon iS given in fig.6. Bet- 

ween 25 and 31 K it is calculated from the measurements Of the sound 

velocity and den@i$y of l&e liquid 8 = l/pL*c 2 (3) 
i at temperatures 

34.5 and 34.9 Kit iS determined from pressure-Volume diagrams derived 

from bubble chamber expansions (5) , 

The operation of a chamber with neon at 36 K is quite similar to 

hydrogen at 25.3 K, as far as bubble densities and growth rates are con- 

cerned. However, the compressibilities of the two liquids are quite 

different: B = (0.60 f. 0.05) *lo -3 -1 bar for neon and 1.8.10 -3 bar -' for 

hydrogen. The total pressure drop will be AP 5 5.3 bar for neon, but 
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only 3.1 bar for hydrogen, assuming 1 bar overpressure in each case. 

'An expansion ratio of AV/V = 0.75 % was measured in hydrogen, and with 
a reasonable safety margin we can estimate a ratio of AV/V 5 0.5 in neon. 

The practical consequences for existing resonance-type chambers 

are: 

(1) 

(2) 

in pure neon there are no problems with the piston stroke, but diffi- 

culties can arise with pressure overshoots and oscillations after 

recompression, which may be as high as 50 % of the total pressure 

drop during expansion, thereby increasing the acceleration forces. 

These overshoots can be partially avoided in the 15' chamber by 

adjusting correctly the latch pressure. 

An operation of the chamber's heat exchangers with hydrogen is 

excluded in the entire temperature range (critical point of 

hydrogen: P = 12.8 bar, T = 33.2 K), the operatjon with deuterium 
C C 

is feasible but probably difficult due to the high vapor pressure 

of this liquid (P = 10.4 + 13.7 bar at T = 35 f 37 K). The 
V 

easiest and cheapest solution may be to use pure neon. 

One may recommend, therefore, that the vapor pressure be reduced 

in big bubble chambers and the liquid be "softened" by adding some 

hydrogen or - even better - deuterium to the neon filling. A detailed 

discussion of the operating conditions of these mixtures is, however, 

beyond the scope of the present note. 
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4. WORKING CONDITIONS FOR NEON/HYDROGEN MIXTURES WITH LOW NEON 

CONCENTRATIONS 

4.1 Operating tesgr$&rz; LI;L ----a 

There are two limits for the operating temperature of neon/hydrogen 

mixtures. They are extracted from the work of Street and Jones (6) and 
are shown in a temperature-concentration diagram (fig.9): The neon/ 

hydrogen concentration is given throughout our paper in mole percent, 

its relation with atomic and weight percent is shown in fig.10. The 

lower OperatiOn limit is reached,at phase separation 

the upper - at the admissible vapor and static pressure, the latter 

should not exceed the design pressure of the chamber body. Systematic 

measurements of the bubble density and growth were performed in the 

DESY chamber under stable conditions, indicated as points in fig.9. 

Reasons exist for not operating a bubble chamber too close to 

these limits: 

The first being the adiabatic temperature drop in the liquid 

during expansion (values have to be determined by interpol- 
ating' the results in the two pure liquids: ATad = 0.1 K/bar 

for hydrogen, ATad = 0.01 K/bar for neon). This temperature 

drop throughout the entire liquid may result in a complete phase 

separation inspite of the short duration of the expansion cycle. 

Attention should be paid to the subcooled layer of the liquid 

around the bubble: here, the chances for phase separation are 

even hi,gher than throughout the entire liquid, but only a very 

limited fraction of it is involved. 

2) The second reason is that in resonant type bubble chambers the 

pressure oscillations after recompression, originating from the 

low compressibility of the mixture, may become too high: their 

peak value should be kept smaller than 10 bar. 

Taking both considerations.into account, leaves us with a rather 

all temperature interval (hatched zone in fig.9) for a stable 
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operation of neon/hydrogen filled chambers. 

Tables 1 and 2 give the measured liquid densities pLlg/cm3/ and 
sound velocities c /m/s1 as a function of temperature T for this interval. 

Results of the measurements of bubble densities b and growth 

rates A in neon/hydrogen mixtures can be compared with those at various 

identical temperatures in pure hydrogen. Such an examination shows: 

(1) Bubble creation and growth process is essentially governed by the 

hydrogen component of the mixture,at least up to 55 mole percent 

neon concentration. When measured at 83.8 mole percent neon 

concentration, considerable deviations from the above behavior were 

observed. Compare fig.2 with figs. 11 and 12. 

(2) Bubbles stop growing earlier in mixtures than in pure hydrogen, as 

was discovered in a resonant-type expansion bubble chamber. 

(3) In big chambers hydrostatic pressure increases considerably from 

the top of the chamber towards the piston region. This may further 

reduce in the mixtures the already slow growth rate, as well as the 

bubble density near the bottom of the chamber. 

(4) Since bubble growth rates are small , recompression times are long: 

already shown in the first paper on the use of mixtures in bubble 

chambers (8) , it was confirmed during experiment (1) . To accele- 

rate the recompression (recondensation) process, high overpressures 

P > 1 bar are desirable. 
over 

(5) Some additional values for bubble densities at high neon concen- 

trations can be found in 
(9) , demonstrating the limitations of 

neon/hydrogen mixtures in combination with track sensitive deuterium 
target. 
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4.3 Lo2ressibility k Lb&r--ll-,- ----- and eaansion ratio AV/V,M ---w----m 

The required pressure drop to achieve equivalent sensitivity in 

hydrogen is the same as in neon/hydrogen mixtures up to about 55 mole 

percent neon concentration. Above 55 mole percent, all operating 

conditions differ from those in pure hydrogen and in pure neon, the pres- 
sure drop especially will differ considerably from the one in pure 

hydrogen. Compare figs.2 and 4 with figs.11, 12, 13, 14, 15, and 16. 

The expansion ratios for all pressure drops used during the DBSY expe- 
riments with hydrogen, neon, and the neon/hydrogen mixtures are sum- 

marized in table 3. A comparison of these expansion ratios with those 

used in the Brookhaven 20-in. bubble chamber (8) , using the same 

temperatures and expanded pressures, show similar behavior, but only in the 
DESY chamber expanded pressures.were always obtained wi‘i& a.smaiJer expansion 

ratio. There are several reasons: there is less parasitic boiling 

in the chamber, the piston region in the DESY chamber is better cooled, 

and there is better tightness of the piston rings. A comparison of 

our results with those obtained from,the Rutherford.1.'5 m bubble chamber 

gives IlO additional information- since in the Latter case a gas expansion 
system is used. 

The expansion ratios for low neon concentrations do not differ 

much from those in pure hydrogen, but become significantly smaller 

with increasing neon concentration (cf. table 3). High pressure drops 

can then be achieved with small piston strokes, such pressure drops 

are obviously related to the compressibilities of the mixtures. 
Table 3 includes very preliminary values for isentropic compres- 

sibilities, determined from pressure-volume diagrams taken during our 

experiment. A more detailed discussion of these values, all of which 

segm to behigher by severa.& percent, than those given in (3) , is in 

preparation (5) The values of '3) are reproduced in fig.17 i which in 
additipn includes a curve which.connects temperature and concentration 

values, at which the Brookhaven 20-in. chamber was operated. This 

diagram is complemented by a curve, which presents our proposed 

operating conditions for big chambers. 



- 13 - 

4.4 Bubble movement -------- 

This process has not been studied in mixtures so far. It is ex- 
pected to be different from hydrogen due to different liquid densities pb, 

viscosities n, and surface tension 6, the latter two being yet in- 
sufficiently accurate to obtain theoretical calculations. However, 
bubble movement can be determined if we use the film from experiment (1) . 

4-5 ______ __---- ------ A 20/80 mole_percent neon&drogen mixtuge 

Enough neon may soon be purified at FNAL to fill the 15' bubble 

chamber with a 20/80 mole percent neon/hydrogen mixture. The radiation 

length for this relatively low neon concentration is about 200 cm, i.e. 

ca. l/5 of pure hydrogen (cf. fig.18). This mixture may not be insofar 

of any particular interest for high-energy physics, but it will certainly com- 

plement initial results obtained with a 34/66 mole percent neon/hydrogen 

mixture in the 12' chamber at Argonne (10) . It will also give relevant in- 

formation on the use of neon/hydrogen mixtures in large piston-expanded 

chambers. Furthermore, it may provide a better idea about anticipated 

working conditions at very high neon concentrations. Note especially, 

that for 97/3 mole percent neon/hydrogen, the sound velocity .is about 

the same as in the low 20/80 mole percent mixture (cf. table 2). 

TWO sets of measurements of bubble density and growth rate in the 

vicinity of 20/80 mole percent 'neon/hydrogen mixture are available: 

one, obtained from explorative measurements of bubble densities in a 

15/85 mole percent neon/hydrogen mixture (7) ; the second - from a 

31.9/69.1 mole percent neon/hydrogen mixture (1) , which gives precise 

results for bubble densities up to high values, but comprises only low 

growth rates . Bearing the conclusions of paragraph 4.2 in mind, we are 

allowed to interpolate the results in pure hydrogen and the 

31.9/68.1 mole percent neon/hydrogen mixture, to find the operating 

conditions for a 20/80 mole percent neon/hydrogen mixture. 
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In recent test runs, the 15' chamber at FNAL and the 7' chamber 

in BNL were operated successfully with pure hydrogen at T = 25.3 K 

and P min = 1.4 bar without problems. Therefore, it will be even easier 
to expand the 15' chamber to P min = 1.6 bar. Using fig.2, we find for 
the above pressure and temperature a bubble density of b,e 10 cm -1 and 
a growth constant A = 0.4 cm/s # , i.e. ideal conditions for fast growth, 
short flash delay and little track distortions. 

Unfortunately, at 25.3 K the 20/80 mole percent neon/hydrogen 

mixture can not be operated without consequences, since the above 

temperature approaches the limit of phase separation (cf. fig.11 and 

extrapolate the curves to 25.3 K) l 

The operation of the above mixture even at 26.0 K is still some- 

what of a problem, if one takes into account that the heat exchangers 

around the piston should be kept ca. 1 K colder than the mean liquid 

temperature. This will cool the liquid around the heat exchangers 

more than is acceptable; then too, there is a further subcooling due 

to the adiabatic temperature drop during the expansion. A fall-out 

of solid neon was observed at 23.8 K (7) , neon has its triple point at 

T t= 24.56 K and Pt= 0.43 bar. 

A more stable operating temperature would therefore be T = 26.5 K. 

However, compromises have to be made then either with bubble density, 
-1 which will be higher than b = 10 cm , but with the growth rate being 

still A = 0.4 cm/s+; or one must sacrifice the growth rate, which 

will be lower than is desirable, .but bubble density Will be'at a value 

which still allows for ionization measurements. The main parameters 

for the two alternative conditions are summarized in table 4. 

For a 20/80 mole percent neon/hydrogen mixture at T = 26.5 K the 

isentropic compressibility is only about 10 percent higher than in pure 

hydrogen at T = 25.3 K (cf. fig.l7), and, consequently, the expansion 

ratios will be approximately the same for identical-pressure drop. 

The sound velocities are b = 955 ad 645 m/s, resp. To obtain the 

same pressure distribution in the liquid, the cycle duration must be 
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increased from L = 55 ms in hydrogen to L = 80 ms in the mixture. This is 
feasible by retuning the expansion system in the 15' chamber. The densi- 
ties of the two liquids differ by p,(20/80 % Ne/H2)/pL(100/0 % Ne/H2) 5 3.4. 

The condition (2) in table 4 (i.e. 20/80 mole percent neon/ 

hydrogen at P min = 2.8 bar) simulates closely the operation of the chamber 

with,97/3 mole percent neon/hydrogen mixture at T = 31.5 K for sound velo- 
city, bubble growth and density, whereas the liquid density 

pL(20/80 % Ne/H2) / pL(97/3 % Ne/H2) = 0.18 and its compressibility 
~(20/80 % Ne/H2) / @(97/3 % Ne/H2) = 5.0 f 0.5; the radiation length 

X0(20/80 % Ne/H2) / X0(97/3 % Ne/HZ) N 7. 

5. TECHNICAL PROBLEMS DUE TO PHASE SEPARATION OF MIXTURES 

Changes in the mixture composition will always occur during a 

bubble chamber run, resulting in a higher neon concentration on the bottom 

than on the top of the chamber. This gradient is caused by the phase 

separation on the surface layer of all bubbles and is correlated with 

their movement due to gravity. A chance for phase separation on the sur- 

face of the heat exchangers, which are by ca. 1 K colder than the bulk 

liquid, is probable. For all high-energy physics experiments it is 

necessary to determine the degree of separation: 

(1) one can take gas probes through*thin pipes on the top and on the 

bottom of the chamber in regular sequences and analyze them as 

.quickly as possible, 

(2) one can measure the density of the liquid throughout the chamber 

either by a method used in the 80" chamber in BNL (11) , or by 

sonic probes where the vapor pressure thermometers are located 

at the top and the. bottom of the chamber, 

(3) one can measure the density of the liquid indirectly with the 
range of particles coming to rest (12) , a time-sonsuming method, 

which has to be investigated further in the 15' chamber, since 

beam particles with low energy are necessary. 
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Some means must be found to circulate the liquid inside the chamber 

in order to improve its homogeneity. 

Unknown factors, arising from the chamber geometry require a 

determination of the dynamic pressure in various regions of the chamber. 

Pressure variations throughout the liquid are almost unpredictable at 

this stage. 

The ultimate reconstruction accuracy of events certainly depends 

upon the duration of the expansion-recompression cycle. This problem 

can be treated only experimentally. It should be investigated whether 

the change in bouncer mass and gasspring ratio is sufficient to adapt 

to the desired cycle duration for the liquid characteristics in the 

15' bubble chamber. 
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FIGURE CAPTIONS 

Typical pressure-time curve for a neon/hydrogen mixture with 

high neon concentration in the resonant-type DESY bubble chamber. 

Bubble densities b [a-n-"] and growth rates A [cmjsy for pure 

hydrogen in a pressure-temperature diagram (1) . Tc and P are 
C 

the critical temperature and pressure , resp., where all curves 

for bubble densities should merge with the vapor pressure. 

Sound velocity c [m/s] in normal liquid hydrogen as function of 

temperature (3) I (13) 

Bubble densities b [cm-'] and growth rates A [cm/s? for pure 

neon in a pressure-temperature diagram (1) . The limit of sensi- 

tivity was determined with low accuracy. Dashed/dotted lines 

are very crude extrapolations of the experimental data to higher 

temperatures. Bubble densities of b E 2.5 and 5 cm -1 are 

extrapolated from measured values at 34.9 K to lower and higher 

temperatures. The anticipated value for an operation with 

b= 10 cm -1 and A = 0.4 cm/s' is indicated as a circle. 

Sound velocity c [m/s] in liquid neon as a function of temperature. 

The dotted line is a rough extrapolation to higher liquid tem- 

peratures, using the known liquid density (13) and the measured 

compressibilities at 34.5 and 34.9 K (5) . 

Isentropic compressibilities B [bar-'] of liquid neon as a func- 

tion of temperature. The values at 34.5 and 34.9 K are deter- 

mined from a bubble chamber experiment (5) , using pressure- 

volume diagrams during expansion. The solid curve is taken 

from (3). The curve is further extrapolated to 36 K, giving 

a value c N 0.6*10-3 bar -l, 

Viscosity Q ,[g/cm*s] of liquid neon as a function of tempera- 
?? 2\ 
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(8) Surface tension (z [g/s al of liquid neon (12) . The value at 36 K 
is determined by linear extrapolation of measured values. 

(9) Measurements of bubble growth and bubble density in the DESY 

chamber; points are given in a temperature-concentration 
(1) diagram . Indicated are the region of phase separation 1 , 0 

the vapor pressures, and the region where bubble chamber operation 

is no longer possible 2 0 , and the probable region of operation 3 0 . 
Curves of constant vapor pressure P v /bar1 are extracted from (6). 

(10) Relation between mole percent, atomic and weight percent in neon/ 

hydrogen mixtures. 

(11) Bubble densities b [cm-'] and growth rates A [cmd in a pres-1 

sure-temperature diagram for 31.9/68.1 mole percent neon/hydrogen 

mixture, measured at 28.0, 28.5, and 28.95 K. (1) . The growth rate 

A= 0.2 cm/s' was determined by extrapolation from lower values. 

(12) Bubble densities b [cm-'] and growth rates A [cm/s'j in a pres- 

sure-temperature diagram for 53.8/46.2 mole percent neon/hydrogen 

mixture, measured at 29.0 K (1) . 

(13) Bubble densities b [cm-'] and growth rates A [cds "3 in a pres- 

sure-temperature diagram for 83.8/16.2 mole percent neon/hydrogen 

mixture, measured at 28.95 and 29.45 K (1) . This is the only 

mixture ratio, where bubble growth curves seem to have a steeper 
gradient than curves of constant bubble densities. 

(14) Bubble densities b [cm-'] and growth rates A [cm/s? in a pres- 

sure-temperature diagram for 86.6/13.4 mole percent neon/hydrogen 

mixture, measured at 28.5 and 29.4 K (1) . 

(15) 'Bubble densities b [cm-l] and growth rates A [cm/s'] in a pres- 

sure-temperature diagram for 92.3/7.7 mole percent neon/hydrogen 

mixture, measured at 28.0, 29.5, and 30.0 K (1) . At'28.0 K the 

bubble density b < 1 cm . 
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(16) Bubble densities b [cm-l] and growth rates A [cm/s 5 in a pres- 
sure-temperature diagram for 96.7/3.3 mole percent neon/hydrogen 

mixture, measured at 31.0, and 32.0 K (1) . At 31.0 X and 1.5 bar 
-1 is the bubble density b < 3 cm . 

(17) Isentropic compressibilities $ [bar-l] of saturated liquid neon/ 

hydrogen mixtures in the temperature range T = 25 5 31 K, versus 

neon mole fraction. Solid lines are calculated from measured 

liquid densities p,rs/cmT and sound velocities c [m/s], taken 

from (3) (cf. tables 1 and 2). The broken line indicates the 

operating concentrations and temperatures of the 20-in. BNL 
(8) bubble chamber , and our proposed temperatures for big 

chambers are indicated by the dotted/dashed line. 

(18) Radiation length X0 [cm] for various neon/hydrogen mixtures, 

with liquid temperature as the parameter. 
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C 

Liquid 
mixture 

mole %  

Temperature Static Minimum 
I 

Pressure Piston Av/v Isentropic Remarks 
pressure,pressure drop stroke compressi- 

bility 
R bar bar bar bar mm %  bar -1 

o/100 28.0 6.0 7.0 3.6 3.4 28.0 0.98 2.9010 -3 

31.9/68-l partial phase separ. 

Table 3 

Operating conditions of the DESY bubble chamber 
( )* Average values after correction for adiabatic temperature drop 



Liquid 
mixture 

mole % 

53.8/46.2 28.8 6.7 7.2 

83.8/16.2 28.95 6.8 

86.6/13.4 28.5 6.3 

yemperature 

K 

29.0 

29.45 

29.4 

bar 

7.0 

7.2 

7.1 

Static Minimum Pressure 
pressure pressure d=)P 

bar bar 
/ 

bar 

8.4 

8.4 

8.4 

5.2 2.0 

4.7 I 3.7 

5.1 I 
I 

3.3 

5.5 I 2.9 

8.1 2.0 I 6.1 

8.1 3.6 4.5 

8.1 4.3 1 3.8 

8.4 

8.4 

8.4 

3.2 
I 

3.8 1 

4.4 I 

5.2 

4.6 

-4.0 

8.1 

8.1 

8.1 

5.9 

5.5 

5.1 

8.3 

8.3 

8.3 

2.7 1 

! 

5.6 

3.1 5.2 

3.5 I 
i 4*8 

T 

Piston m/v Isentropic Remarks 
stroke j compressi- I 

1 t 

I 
bility ; 

-1 
- ! % 

bar I 
1 

i 

14.5 1 0.49 phase separation 

20.2 I 
I 

0.70 1.9*10 -3 

17.3 i 0.60 

14.2 I f 0.49 ; , 

14.0 I 0.49 1 0.8.10 -3 

11.5 1 0.40 I 
I I 

9.4 i 0.33 1 I I 
-3 ( 

I I I 

11.6 i 0.40 I-- no PV-diagram I 
8.9 1 I 0.31 

7.9 I 0.27 1 I 

no PV-diagram I 

I 

Table'3'(conizd.) 

Operating conditions of the DESY bubble chamber 



Liquid 
mixture 

Temperature Pressure I Piston I AVIV I Isentropic Remarks. 
dxop stroke compressi- 

bility 

bar mm % bar-l 

6.0 7; 1 0.25 -- 

bar mole % 

28.0 5.5 no PV-diagram 

not track sensitive 

7.2 1.2 

5.4 6.4 0.22 

6.0 10.0 0.35 0.45010 -3 

5..6 7.9 0.27 

5.2 7.2 0.25 

6.2 

6.2 9.9 0.35 0.44010 -3 

5.9 8.7 0.30 

5.7 

5.6 

6.5 

4.2 96.7/3.3 

6.7 I 1.4 5.3 I 8.2 1 0.29 f 0.37*10-3 

5.9 9.4 0.33 I 0.42010 -3 

5.5 f 6.8 0.23 

7.5 1.6 
i 

7.5 2.0 
t I 

5.9 1 

I 

9.9 0.34 0.46*10-3 

5.5 8,l , 0128 

5.1 I 8.8 I 0.31 f 0.48010-~ 
I 

5.0 i I 12.0 I 0,42 i 0.54010 -3 
1 

7 .3 '2.3 

7.2 

7.3 I 

2.6 

i 
3.6 

Table'3 (contd.) 

Operating conditions of the DESY bubble chamber 

6.2 32.0 

6.4 



20/80 mole % 
neon/hydrogen 

Liquid temperature T 

Expanded pressure P min 

Static pressure P 
S 

Cycle duration L 

Expansion ratio AV/V 

Sound velocity c 545 545 955 m/s 
Isentropic compressibility 2.0 2.0 1.8 10 -3 bar -1 B 

Liquid density pL 

Bubble growth constant A 

Bubble density b 

0.185 0.185 0.064 g/cm3 
0.4 0.19 0.4 cm/s 4 

50 10 10 cm-l 

Table 4 

Proposed working conditions for a 20/80 mole percent neon/hydrogen 

mixture and for comparison an optimum condition for pure hydrogen 



-27- 

C bar 

9 

6 

Pressure 
P overshoot 

c5 1 iz 

P static 

Pvapor 
83.8/ 16.2 mole% NelH2 
T, = 29.4 K 

P sensitive 

‘minimum Time 
1 b 

Cl ms 



I 1. rnj 

1000 

900 

800 

700 

600 

500 

400 
/ 

.; 

Sound velocity 

Temperature 

25 26 27 28 29 30 

; liydroqa 

RG.3 

c I bar 

8 

Pressure 

7 

6 

5 

4 

3 

2 

1 

0 

/ i . 
d i -0.1 eo/rP 

,- 3-s * ‘-- 
a-’ 1.- 2  

- .., 9/c. 

m * --I- b  

Tempkrature 

30 31 32 33 34 35 36 WI 
Neon 

FIG.4 



[ml: 

70( 

40( 

( 
25 27 29 

Sound velocity 

Temperature 

31 

Neon 

37 rKJ 

FIG.5 

0.6 

Ok 

0.2 

a 

Isentropic compressibility 

/- 

0  

0  

Temperature 
4h r--l 

25 27 29 31 33 35 37 LKJ 

Neon 

FIG. 6  



-3o- 



-31- 

25 26 28 

Temperature __&c 



batf C 

0 

7 

6 

25 26 27 28 

Pressure 

- Vapor prrswno 

Temperature 

31.9168.1 mole % Ne/ H2 

Pressure 

27 28 29 30 31 bl 

0 0 b/cm 
0 10 b/cm 

L . 2o b’em 0.05 cm/s* 
0 . 50 b/cm 
m - O.lO.cJ.~ 

;rOO b/cm I 
0.15 ca/.* 

Temperature 

-vapor preasura 

53.8146.2 mole % NelH2 

FIG. 12  



h a 

a 

7 

6 

5 

4 

3 

2 

1 

0 

Pressure 

26 27 28 

[ bal 
- Vapor prcasuro 

8 

6 

5 
0 b/cm 

10 b/c= 

- 0.10 cm/.~ 
20 b/cm 

4 

50 b/or 

-00.15 cm/o h 3 

Temperature 

2-9 3-0 3i [Kf 

83.8116.2 m&Z NelH2 86.6/13,4 mole “1. Ne/H2 

25 26 27 28 

Pressure 

/ 

- lapor pr*ssur* 

0 

TO. 
- 0.08 cm/d 

b/cm 

b/cm 

b/e8 

Temperature 

FIG. 13 
FIG. 14 



Lb ar 

0 

7 

6 

Prezisure 

Phase sepamiior 

‘///////J///f/// f/f 
L 

25 26 27 

-V+Ur 
pressure 

4 

0 b/c= 

- 0.1 cm/* k- 
10 b/on 

- 0.2 cm/8 b 

Temperature 

92.3 17.7 moIe% Nel H, 96.7/3.3 mole ‘1. Nell42 

,31 [K] 25 

Pressure 

0.1 em/* i 

'i 0.2 Cl+ 
0.3 cm/a h 

Temperature 

27 20 29 

FIG 15 L FIG. 1IYj 



L bar’ 
x103 

1c 

Isentropic compressibility 

,31 K 

Concentration 

0 20 40. 60 80 100 [mole ‘A Ne] 

Neon / hy$ckcen mixtures 
FIG.27 

r CTC 

14( 

12( 

8( 

6( 

Radiqtion length X’ 

31 K-\ 

30 K--l\ 
29 K -.\\ 
28k A\\ 
27 K ?,\\ 

\ 
1\\\ 

\\\ 

I 
\ 
1’ x i0 in 

\ 
\ 
\ 

\ 
\ \ 

Concentration 

0 20 40 60 80 100 [mole% Ne] 
Neon /hydrogen mixtures 

18 FIG. 


